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© Staged shooting pot for injection molding. 



© Injection molding apparatus and process char- 
acterized by feeding a supply of thermoplastic ma- 
terial to a shooting pot from a supply of thermoplas- 
tic material by means of a hot runner system, de- 



livering a first charge of thermoplastic material from 
the shooting pot to a mold cavity, and delivering a 
second charge of thermoplastic material from the 
shooting pot to the mold cavity. 
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BACKGROUND OF THE INVENTION 



The present invention relates to injection mold- 
ing and particularly to the precise control or meter- 
ing of thermoplastic material to one or more mold 
cavities. 

The use of control units such as shooting pots 
to introduce thermoplastic resin into mold cavities 
in an injection molding system is well known. In 
such arrangements a primary resin source feeds 
the reservoir of a shooting pot and the shooting pot 
in turn is operated to feed a measured or metered 
quantity of thermoplastic material into the mold 
cavity. 

It is also known to supply thermoplastic ma- 
terial to a multicavity mold where the cavities of the 
mold are fed by a hot runner system and where 
the hot runner system includes a plurality of shoot- 
ing pots, with at least one each individual to each 
molding cavity. That is, a source of thermoplastic 
material leads to the hot runner system which in 
turn feeds the respective mold cavities wherein a 
shooting pot or metering means is provided for 
each mold cavity for controlling precisely the in- 
troduction of a shot of resin to the mold cavity. U.S. 
Patents 4,717,324 and 4,775,308 teach the coinjec- 
tion of a plurality of thermoplastic materials to mold 
an article having a layered wall structure using 
thermoplastic materials having different optimum 
processing temperatures including the maintenance 
of the optimum temperatures in flow paths individ- 
ual to each material from its source to a mold 
cavity. These patents show shooting pots used in 
conjunction with the formation of the layered wall 
structure and multicavity molding. However, these 
disclosures involve the use of shooting pots to 
individually meter the amount of the first feeding of 
a first resin and the first feeding of a second resin 
into each cavity of a multicavity moid. In all cases, 
however, the final feeding and packing of the cavity 
is achieved by pressurizing the extruder or injec- 
tion unit used to supply the final feeding resin to all 
the cavities in the mold. Thus, the hot runner 
supply channel system must be carefully balanced 
between the extruder or injection unit and each 
cavity gate or cavity orifice of the multicavity mold. 
In case of a large number of mold cavities, such as 
32 or 48, this becomes quite impractical to 
achieve. 

Accordingly, it is a principal object of the 
present invention to provide an injection molding 
method and apparatus for feeding a supply of 
thermoplastic material to a mold cavity from a 
shooting pot which can effectively eliminate the 
need for packing by the extruder or injection unit. 



It is a further object of the present invention to 
provide a method and apparatus as aforesaid which 
is suitable for use with an injection molding appara- 
tus including a large number of cavities. 
5 Further objects and advantages of the present 

invention will appear hereinbeiow. 



SUMMARY OF THE INVENTION 

W 

In accordance with the present invention, the 
foregoing objects and advantages can be readily 
achieved. 

75 The method of the present invention comprises 
a method for injection molding which comprises: 
feeding a supply of thermoplastic material to a 
shooting pot from a supply of thermoplastic ma- 
terial via a hot runner system; delivering a first 

20 charge of thermoplastic material from the shooting 
pot to a mold cavity; and delivering a second 
charge of thermoplastic material from the shooting 
pot to the mold cavity. The shooting pot maintains 
injection pressure or packing pressure on the mold 

25 cavity to pack or complete filling of the mold cavity 
and overcome shrinkage. Preferably also, a mul- 
ticavity molding system is provided with a plurality 
of shooting pots, each individual to each mold 
cavity. 

30 The injection molding apparatus of the present 
invention comprises: at least one mold cavity; a hot 
runner system for supplying thermoplastic material 
to said mold cavity; supply means for supplying 
said thermoplastic material to said hot runner sys- 

35 tern; a shooting pot operative to hold a given 
amount of thermoplastic material communicating 
with the hot runner system and supplied thereby; a 
first valve means between the supply means and 
the shooting pot, generally in the hot runner sys- 

40 tern, and a second valve means between the shoot- 
ing pot and the mold cavity, both of said valve 
means being operative to permit and block flow of 
thermoplastic material; a first injection means com- 
municating with said shooting pot for delivery of a 

45 first charge of thermoplastic material from said 
shooting pot to said mold cavity; and a second 
injection means communicating with said shooting 
pot for delivery of a second charge of thermoplas- 
tic material from the shooting pot to the mold 

so cavity. The second injection means is provided 
with means for maintaining a supply of thermoplas- 
tic material from the shooting pot to the mold 
cavity in order to pack or fill the mold cavity and 
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overcome shrinkage of thermoplastic material. 

In the preferred embodiment, a second hot 
runner system is provided for supplying a second 
thermoplastic material to the mold cavity, second 
supply means for supplying said second thermo- 
plastic material to said second hot runner system, 
a second shooting pot operative to hold a given 
amount of the second thermoplastic material com- 
municating with the second hot runner system and 
supplied thereby, a third and fourth valve means 
operative to permit and block flow of thermoplastic 
material, and a third injection means communicat- 
ing with the second shooting pot for delivering a 
charge of the second thermoplastic material to the 
mold cavity. 

Preferably also a plurality of mold cavities are 
provided with one or more shooting pots individual 
to each mold cavity. 

Thus, in accordance with the present invention, 
it is not necessary for the supply means or ex- 
truder to make the final feeding. The final feeding 
of thermoplastic material to each mold cavity can 
be achieved by a shooting pot, e.g., the same 
shooting pot that made the first feeding. This ob- 
viates the need to provide a balanced hot runner 
system between the machine's extruder or injection 
unit and each cavity. Consequently, a simpler de- 
sign is provided and complicated hot runner con- 
struction is eliminated. Moreover, in accordance 
with the present invention, it now becomes prac- 
tical to construct multicavity molds exceeding 24 
cavities. 

Further objects and advantages, of the present 
invention will appear hereinbelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention will be more readily un- 
derstandable from a consideration of the appended 
drawings wherein: 

Figure 1 is a schematic drawing showing the 
injection system of the present invention fully 
charged with a resin; 

Figure 2 is similar to Figure 1 showing the 
first stage injection having been completed; 

Figure 3 is similar to Figure 1 showing the 
second stage injection having been completed; 

Figure 4 shows a two stage shooting pot in 
combination with a single stage shooting pot for 
supplying at least two different resins to the same 
cavity; and 

Figure 5 is a schematic illustration of the 
system and method of the present invention for a 
four cavity mold accommodating two thermoplastic 
resins with each mold utilizing the system of Figure 
4. 



DETAILED DESCRIPTION 



Figures 1-3 show a representative embodiment 

5 of the present invention. For ease of understanding 
Figures 1-3 show a single mold cavity; however, it 
should be appreciated that a plurality of mold cav- 
ities may be fed by a single extruder with each 
mold cavity including at least one shooting pot 

to associated therewith. Figure 1 shows the injection 
system fully charged, Figure 2 shows the first 
stage injection completed, and Figure 3 shows the 
second stage injection completed. Referring to Fig- 
ure 1, moid cavity 10 is supplied with thermoplastic 

75 material via hot runner system 11, leading from a 
source or supply means of thermoplastic material, 
such as extruder 12. Shooting pot or injection cyl-. 
inder 13 communicates with hot runner system 11 
and is supplied thereby. Both the shooting pot 13 

20 and hot runner system 11 are located in manifold 
14 which may be provided with appropriate heating 
means to maintain the resin in the hot runner 
system and in the shooting pot at an appropriate 
temperature, all in a customary manner. Injection 

25 nozzle 15 is provided leading from hot runner sys- 
tem 11 and communicating with mold cavity 10, 
also in a customary manner, including customary 
valve gate (not shown). 

A first valve means 20 is provided in hot runner 

30 system 11 between shooting pot 13 and supply 
means 12, and a second valve means 21 is pro- 
vided in hot runner system 1 1 between mold cavity 
10 and shooting pot 13, both of said valve means 
being operative to permit and block flow of thermo- 

35 plastic material in the hot runner system. Figure 1 
shows the first valve means 20 open to permit flow 
of resin from extruder 12 to shooting pot 13, and 
the second valve means closed to prevent flow of 
resin to the mold cavity 10. 

40 Shooting pot 13 is filled from supply means 12 
via hot runner system 11 with valve 20 open and 
valve 21 closed as shown in Figure 1. In the filled 
condition the shooting pot contains a volume equal 
to Vi and V2 which is equivalent to the first charge 

45 of resin to the mold cavity (V1) plus the second 
charge of resin to the mold cavity (V 2 ). The shoot- 
ing pot can be discharged to supply resin to the 
mold cavity via hot runner system 11 with first 
valve means 20 closed to block back-flow of resin 

50 and second valve means 21 open, as shown in 
Figures 2 and 3. Thus, as shown for example in 
Figure 2, first valve means 20 is closed to. block 
flow of resin to the supply means and second valve 
means 21 is open to permit flow of resin to mold 

55 cavity 10. 

Shooting pot 13 includes injection piston 22 
actuated by injection pad 23. A first stage injection 
piston 24 situated in first injection cavity 25 in 
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machine platen 30 (or alternately in mold base) 
operates first injection rod 26, which in turn ac- 
tuates a second stage injection piston 27 situated 
in second injection cavity 28. The second stage 
piston 27 operates a second injection rod 29 which 
in turn actuates pad 23. In the fully charged posi- 
tion shown in Figure 1, piston 22. pad 23 and 
pistons 24 and 27 are in the fully retracted position. 

A high pressure fluid is supplied to one side of 
first stage injection piston 24 via supply line 31 
from a suitable pressure source (not shown) to 
advance piston 24 and rod 26. Rod 26 pushes 
against second stage piston 27 and rod 29 which in 
turn pushes against pad 23. Piston 24 advances 
until it bottoms out at the end of its stroke against 
cylinder end of cavity 25. The shooting pot piston 
22 has advanced a distance A and displaced a 
corresponding volume of resin Vi into mold cavity 
10 with the apparatus now in the position shown in 
Figure 2. 

As shown in Figure 3, the second stage injec- 
tion takes place after the first stage injection when 
a high pressure fluid is supplied to one side of 
second stage injection piston 27 via supply line 32 
from a suitable pressure source (not shown) to 
further advance piston 27. Piston 27 in turn further 
advances rod 29 which in turn advances pad 23 
and rod 22 to displace a corresponding volume of 
resin V 2 into mold cavity 10 via nozzle 15. Unlike 
the first stage, however, piston 27 does not bottom 
out at the cylinder end of cavity 28, but continues 
to maintain hold pressure against the piston to 
continue to pressurize the resin and to continue to 
supply more resin to the mold cavity during the 
hold stage or packing stage of the cycle. As the 
resin in the mold cavity shrinks more resin is 
supplied thereto from the shooting pot via pressure 
maintained on piston 27 to make up the shrinkage 
until the cycle Is complete and the shooting pot 
piston has advanced a final distance B. Piston 27 
may then bottom out against cylinder end of cavity 
28 as shown in Figure 3. 

When the injection and hold stages of the 
cycle are complete valve means 21 is closed and 
valve means 20 is opened and the shooting pot is 
recharged with resin. The incoming resin pushes 
back the shooting pot piston 22, pad 23 and asso- 
ciated first and second stage pistons until the first 
stage piston 24 contacts volume adjusting means 
33 which adjusts the stroke of the first and second 
injection means and the volume charged in the 
shooting pot. This is shown in Figures 1-3 as an 
adjustable threaded rod against which first piston 
24 contacts; however, any suitable means to adjust 
the volume of the resin delivered in the first and 
second injection steps may be employed. Thus, a 
preset volume of resin is charged in the shooting 
pot because of the preset stroke of piston 24 and 



associated back position of piston 27. Hence, 
preset volume Vi (first shot) can be discharged 
and a second volume V2 can be discharged 
(second shot) to fill and pack out the part in the 

5 mold cavity. 

The molded part is ejected from the mold 
cavity and the cycle is repeated. 

A particular application of the present invention 
is in the coinjection of multilayered articles, such 

70 as for example preforms. Figure 4 shows a pre- 
ferred embodiment, wherein it should be appre- 
ciated that a plurality of mold cavities may be 
employed, with each mold cavity having two or 
more shooting pots associated therewith and with 

is the entire system fed by at least two extruders 
(one for each resin). 

Figure 4 shows a mold hot runner system 
having two sets of shooting pots and associated 
pistons for moving them. The first resin system 

20 utilizes a system as shown in Figures 1-3 with like 
reference numerals employed for like components. 
The second resin system utilizes hot runner sys- 
tem 50 communicating with a supply of second 
resin as from a suitable extruder and communicat- 

25 ing with mold cavity 10 via nozzle 15. Second 
shooting pot 51 operative to hold a given amount of 
second resin communicates with hot runner system 
50 and supplied thereby. Third and fourth valve 
means 58 and 59 are provided on hot runner 

30 system 50 operative to permit and block flow of the 
second thermoplastic material in the same manner 
as first and second valve means 20 and 21. Sec- 
ond shooting pot 51 is operated by injection piston 
52 actuated by injection pad 53 which in turn is 

35 actuated by piston 54 and rod 55. Volume adjust- 
ing means 56 is provided associated with piston 54 
similar to volume adjusting means 33. High pres- 
sure fluid is supplied to one side of piston 54 via 
supply line 57 from a suitable pressure source (not 

40 shown). 

Thus, In operation, the shooting pots are 
charged with resin by closing valve means 21 and 
58 and opening valve means 20 and 59 as shown 
in Rgure 4 with the system fully charged. Valve 

45 means 20 and 59 are then closed to block the 
supply channels to the shooting pots. Valve means 
21 is opened. High pressure fluid is supplied to 
first shot piston 24 to displace first volume Vi of 
first resin into mold cavity 10 via channel 11 and 

50 nozzle 15. 

Valve means 21 is then closed, valve means 
58 opened and high pressure fluid is supplied to 
piston 54 for a first shot of a second resin to 
advance piston 54 and its associated shooting pot 

55 piston 52 to displace a preset volume V2 of resin 
into mold cavity 10 via channel 50 and nozzle 15. 

Valve means 58 is then closed and valve 
means 21 opened again. High pressure fluid is 
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supplied to third shot piston 27 to displace its 
shooting pot piston 22 for a second feeding of the 
first resin into mold cavity 10 via channel 11 and 
nozzle 15 until the mold cavity is filled. Piston 27 
maintains hold pressure to fill and pack mold cavity 
10 as in Figures 1-3. 

Valve means 21 is then closed and valve 
means 20 and 59 opened to recharge both shoot- 
ing pots at the same time for the next cycle, the 
molded part is removed and the cycle repeated. 

The sequence described above with respect to 
Figure 4 is for sequential injection of three feedings 
of two resins which will form a five layered wall 
structure in the molded part. The final feeding of 
the first resin includes the packing or holding step 
to fill the mold and compensate for shrinkage. 

As indicated hereinabove, the present invention 
is particularly suitable to simultaneous molding of a 
plurality of parts, such as for example 16, 24, 32 or 
48 parts. This is shown schematically in Figure 5 
for four parts using two resins in a manner similar 
to Figure 4. In Figure 5, extruder A feeds the first 
resin shorn in solid lines and extruder B feeds the 
second resin shown in dashed lines. Molds 110 are 
fed by hot runner systems 111 and 150 similar to 
hot runner systems 11 and 50 respectively. Shoot- 
ing pots 113 and 151 are provided similar to shoot- 
ing pots 13 and 51 in Figure 4. Thus, each mold 
cavity 110 has an associated first shooting pot 113 
for the first resin and associated second shooting 
pot 151 for the second resin. Appropriate valve 
means are provided in the hot runner systems in a 
manner after Figure 4. Thus, it can be readily seen 
that a plurality of mold cavities may be fed from a 
single extruder for each resin with one or more 
shooting pots associated with each mold cavity for 
feeding resin to the mold cavity including filling and 
packing thereof by the shooting pots. 

It can be readily seen that the method and 
apparatus of the present invention achieves signifi- 
cant advantages. The shooting pot system 
achieves a staggered injection cycle including a 
metered first charge followed by a second charge 
from the same source individual to each mold 
cavity. This provides a balanced hot runner system 
between the machine's extruder or injection unit 
and each cavity and avoids the considerable com- 
plications heretofore involved in constructing large 
multicavity systems. The present invention is admi- 
rably suitable to co-injection and tri-injection mold- 
ing in multicavity molds obviating complexities of 
construction and achieving simplified operating 
systems. Moreover, in view of the fact that all 
feeding to the mold cavity is handled by the shoot- 
ing pots, it becomes simpler to control the tem- 
perature of each resin individually. This is a highly 
desirable goal and it is achieved readily and conve- 
niently by the instant system. 



It is to be understood that the invention is not 
limited to the illustrations described and shown 
herein, which are deemed to be merely illustrative 
of the best modes of carrying out the invention, 
s and which are susceptible of modification of form, 
size, arrangement of parts and details of operation. 
The invention rather is intended to encompass all 
such modifications which are within its spirit and 
scope as defined by the claims. 

70 

Positionszahlenliste 

10 mold cavity 
75 1 1 hot runner system 

12 extruder 

1 3 shooting pot 

1 4 manifold 

15 injection nozzle 
20 20 first valve means 

21 second valve means 

22 injection piston 

23 injection pad 

24 first stage injection piston 
25 25 first injection cavity 

26 first injection rod 

27 second stage injection piston 

28 second stage injection cavity 

29 second stage injection rod 
30 30 machine platen 

31 supply line 

32 supply line 

33 volumead justing means 
50 hot runner system 

35 51 second shooting pot 

52 injection piston 

53 injection pad 

54 piston 

55 rod 

40 56 volume adjusting means 

57 supply line 

58 fourth valve means 

59 third valve means 
110 mold 

45 111 hot runner system 

113 shooting pot 

150 hot runner system 

151 shooting pot 

50 

Claims 

1. An injection molding apparatus which com- 
prises: at least one mold cavity (10); a hot runner 
55 system (11,111) for supplying thermoplastic ma- 
terial to said mold cavity (10); supply means (12) 
for supplying thermoplastic material to the hot run- 
ner system (11,111); a shooting pot (13,113) oper- 
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ative to hold a given amount of thermoplastic ma- 
terial communicating with the hot runner system 
(11,111) and supplied thereby; a frist valve means 
(20) between the supply means (12) and the shoot- 
ing pot (13,113) and a second valve means (21) 
between the shooting pot (13,113) and the mold 
cavity (10). both of said valve means (20.21) being 
operative to permit and block flow of thermoplastic 
material; a first injection means (24,25,26) commu- 
nicating with said shooting pot (13,113) for de- 
livering a first charge of thermoplastic material from 
the shooting pot (13.113) to the mold cavity (10); 
and a second injection means (27,28,29) commu- 
nicating with said shooting pot (13,113) for de- 
livering a second charge of thermoplastic material 
from the shooting pot (13,113) to the mold cavity 
(10). 

2. An apparatus according to claim 1 wherein 
said second injection means (27,28,29) includes 
means for maintaining a supply of thermoplastic 
material from said shooting pot (13,113) to said 
mold cavity (10) to fill the mold cavity (10) and 
overcome shrinkage of thermoplastic material. 

3. An apparatus according to claim 1 or 2 
including a plurality of molds (110) with mold cav- 
ities each of which having an associated shooting 
pot (113). 

4. An apparatus according to one of claims 1 - 
3 wherein each moid cavity (10) includes a second 
hot runner system (50,150) for supplying a second 
thermoplastic material to the mold cavity (10), sec- 
ond supply means for supplying the second ther- 
moplastic material to the second hot runner system 
(50,150), a second shooting pot (51,151) operative 
to hold an given amount of the second thermoplas- 
tic material communicating with the second hot 
runner system (50,150) and supplied thereby, a 
third valve means (59) between the second supply 
means and second shooting pot (51.151) and a 
fourth valve means (58) between the second shoot- 
ing pot (51,151) and the mold cavity (10), both of 
said valve means (58,59) operative to permit and 
block flow of thermoplastic material, a third injec- 
tion means (54,55) communicating with said sec- 
ond shooting pot (51,151) for delivery of a mea- 
sured charge of second thermoplastic material to 
the mold cavity (10). 

5. An apparatus according to at least one of 
claims 1-4 including a hot runner manifold (14) 
wherein said shooting pot (13,51,113.151) is within 
the hot runner manifold (14). 

6. An apparatus according to at least one of 
claims 1-5 including volume adjusting means (33) 
associated with the first injection means (24,25,26) 
to adjust the volume of resin in the shooting pot 
(13). 

7. A method for injection molding which com- 
prises: feeding a supply of thermoplastic material 



to a shooting pot (13.113) from a supply (12) of 
thermoplastic material via a hot runner system 
(11,111) delivering a first charge of thermoplastic 
material from the shooting pot (13,113) to a mold 
5 cavity (10): and delivering a second charge of 
thermoplastic material from the shooting pot 
(13.113) to the mold cavity (10). 

8. A method according to claim 7 including the 
step of maintaining injection pressure on the mold 

io cavity (10) via the shooting pot (13,113) in order to 
fill the mold cavity (10) and overcome shrinkage of 
thermoplastic material. 

9. A method according to claim 7 or 8 includ- 
ing the steps of providing a plurality of molds (113) 

15 with mold cavities each of which having an asso- 
ciated shooting pot (113) and simultaneously filling 
each mold cavity from each shooting pot (113). 

10. A method according to one of claims 7 - 9 
including the step of terminating the feeding of the 

20 supply (12) of thermoplastic material to the shoot- 
ing pot (13,113) after a measured charge of resin 
has been fed to the shooting pot (13,113). 

11. A method according to at least one of 
claims 7-10 including the step of providing a 

25 second shooting pot (51,151) associated with the 
mold cavity (10) and delivering a second thermo- 
plastic material to the mold cavity (10) from the 
second shooting pot (51,151). 

12. A method according to claim 11 including 
30 the steps of a first delivery of resin to the mold 

cavity (10) from the first shooting pot (13,113), a 
second delivery of resin to the mold cavity from 
the second shooting pot (51,151) and a final deliv- 
ery of resin to the mold cavity (10) from the first 
35 shooting pot (1 3.1 1 3). 



40 



45 



50 



55 



6 



EP 0 393 389 A2 




* 



EP 0 393 389 A2 




EP 0 393 389 A2 




